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|"JP.07-I I4499-A].| 
|Claim(5)l 



The flai memory virtual memory system characterized by having a P«S«:^«» 
con Jin meansJa page-address storing means, a virtual memory address con vers.cn neans, 
Z • n «c comWflJa in the access-control circuit of storage, and performing a v.rtual 
„ ™i£ « men by using a Flash EPROM as virtual mow equipment ,„ a processor 
S,d Se'lnfcmiStion processor which has a Flash EPROM and DRAM as storage. 
Ch, 21 The memory page in which the execution code is stored m the elaun 1 pubh at on 
a llnsh memory virtual memory system characterized by hiving a means to control a page 
i-onimlila« without carrying out a roll-out to a Flash EPROM. 

i "| The U. memory virtual memory system characterized by having a means to control 
whether' roll-out operation is performed according to the dirty flag slate ot a page in elaim 1 
publication ri the time of roll-out processing. . i 

'.Gain, 41 U is the flash memory virtual memory system charactenzed by having he con b 
m.mn. which prepare at least one spare page in primary-storage memory perform the roH n at 
2 <imc ofpage-swappin^ processing to a spare page in claim I publ.cat.on. and perfb.m|.oll- 

0 that it has .he evasion counter of the block of a Flash EPROM wluch carries out a ro -out to 
I virtual address table in claim 1 publication and the number of times of evasmn of a block 

1 nSlTfeUii Hash memory virtual memory system characterized by having an address 
™i n means to perform the d.rcct access of the Flash EPROM by address translation, 
^hol data transfer carrying out in case an execution code is stored and roll-.n proeess.»g of 
ihi: memory page is carried out in claim 1 publication. 

* NOTICES * : 

Japan Patent Office Is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the 

original precisely. 

2 .* * * * shows the word which can not be translated. 
5. In the drawings, any words are not translated. 



D I TAILED DESCRIPTION 



[Detailed Description of the Invention) 

[Stria. Application] this invention relates to the memory ^^^.^^^ 
used lor a small pocket information processor etc. and which used low price flash memory non 



volatile memory. 
|D0021 
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[Description of the Prior Arl] the conventional technology is explained first. 

|()OfiV| What constituted semiconductor file equipment from non-volatile memory, such as a 

Flash IIP ROM. is produced commercially for the small information processor in which the 

conventional cellular phone is possible performing the battery drive for the miniaturization of a 

device etc.. without using file equipments, such as a hard disk drive and a floppy disk drive 

1 00041 The Hash EPROM currently used with the above-mentioned semiconductor hie 

equipment is on board, and erasion' and a light are possible for it and it has the feature [ perform 

/ integration equivalent lo the dynamic RAM which is volatile memory ]. 

|0005] I lowcver. erasion and the writing of a byte unit cannot be performed, but there is a fault, 

like that it is necessary to erase per a chip unit or block, erasion time, and light time are long. 

Moreover, the number of times of erasion also has a life limit. 

100061 For this reason, the aforementioned fault is solved and the block control system of 
erasion given [ as a method ] in JP.4-3 1 756,A or a light which uses a Flash EPROM with a 
small pocket information processor is proposed. 

|00U71 Also by the system using the above-mentioned semiconductor file equipment, a 
proarain is loaded on the primary-storage memory of a system unit, and is performed. 
jOOOR'l For this reason, primary-storage memory is also needed besides the Flash EPROM 
mounted in semiconductor file equipment, and il has become the factor of a cost rise. 
[00091 Moreover, it is in the inclination of enlargement by improvement in functional, mass 
primary-storage memory is required, and OS's and application programs, such as Windows, 
have become a cost rise. 

|0<H0| Although OS and the method of storing an applique SHUN program in ROM by 
execute form are proposed in order that OS and an application program may perform also by 
i he primary-storage memory of small capacity, it is necessary to change form and cannot be 
adapted for arbitrary programs by this method so that a program can be performed by ROM in 
advance. 

I0OII.J . . 

|Problem(s) to be Solved by the Invention] this invention is being a direct execute permission 
about the code which was described above and which was stored in the Flash EPROM. and 
offering the low-price memory system in which program execution's is possible also by the 
primary-storage memory of small capacity like. 
10012]' 

| Means for Solving the Problem] The above-mentioned technical problem is a memory system 
with the DRAM memory And the Flash EPROM of small capacity, and is attained by carrying 
out the store of an execution code and the data to Above DRAM, from loading or Above 
DRAM from a Flash EPROM with a virtual-memory memory management method at a Plash 
KPKOM. . ' . 

1 00 ! 31 That is, a page-address conversion circuit is prepared in the access-control circuit ol a 
Flash liPROM and DRAM, 'and it is attained by having die page-address translation table of a 
pajie unit, and the control circuit of the control flags of memory pages, such as a page present 
hiiaccess bit dirty bit. and these flags further. 

1 00 1 4 1 Furthermore, it has the erasion control circuit which performs block erasion 
management of a Flash EPROM. 

IdO 1 5 ( Moreover, the memory paging control circuit which it has in the interior ol a processor 
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,• ,h, -.have-mentioned pa«c access conlrol, and the method of performing only page 
^ R emappi,. f OK F1 ash EPROM addtes, .0^^^ 

XwiSi™-* access is possible a. a DRAM memory system a,c 

iSStf m£££L*. «-»• can be eas* carried ou, to erasion management of a 

Hash If ROM by building block management in, 1 i dup. 

[001 li| M this block management inlormaron. an address translation tawe ana 

extended ROM address to this by the beginning of the read cycle of a Flash U kum . | 
established. j 

data and the roll-in on a Rash EPROM array, and a roll-out cut ».th a virtual-memor) 

^Z^Lv* operation of the processor is ^^^^^^ 
,ul d»ia being stored in the memory page on the above-menttoned P»^^ ^ 
there is no pace in which the execution code concerned was stored on the pnmarj sioi ay., 
pane fault generates it by the page-address conversion circuit. 

miHl When 1 Urn 1 paee fault generating is carried out, an execution code, u led o> the i i.isn 
K m e J£ J2 control circuit, a~nd it is stored in the aforementioned DRAM prima,. 

roO^Althoua-h roll-in operation is performed as mentioned above, when all the pages of » 
S AM prim^ storage are load ending at this time, the Hash plate of the page whicl h . .not 
, -ed bv Recentlv Used algorithm is carried out, and a roll-in « performed alter ,i. 

U^TwhJ; tl« plate of the page memory is carried out and the memory page concerned 
s I'dala pa-e, a light is carried out to a Flash EPROM and data are saved. 

a aain pn »*" *? . ... „ e ,„ -u npp nM will be slow compared with ead access, and 

lOfPSJ Generally. light access ot a Flash EPKUM wiu r>e siow tun y« 

roll-in speed will fall in the above-mentioned procedure. nrw ; ou .i v ™d litchi 

I00V.I Then. « spare page is prepared, roll-in processing is pcrformed.prev.ously : and I.Ltu 

owecssino to a Flash EPROM is performed in the background. 

| t)(P7 | 11k erasion life of a Flash EPROM does not fail by performing bght ems.on 

K is po^ibt the page concerned of a Flash EPROM 

VO om. without leading data by roil-in operation of an execut.on code at a DRAM p. .nwry 
|fS| Thereby, the data transfer by the roll-in becomes unnecessary, and the probability 
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a Flash KPROM and a DRAM primary storage. 

Spiel Hereto, one example of this invention is explained with reference to^fo* 
W " ).i wina I U drawing in which the composition of the memory system of the sna 
Sniile iype infon^ation processor by the virtual memo? management ad.pt.ng *e Hash 

p^rln IJhV^eonwl of processor 101. the Flash EPROM array 103, and the DRAM 

S^'r 101 often used now is possible pro SESSASK of 32 bit operations, has 
4 ;iV -unciiv and 32-bit memory address space, and builds in a paging mechanism. 

^Si n co e and daw in 4GB of phvsical address space [ a part of] of this processor 10! > 
ou^dt dala and the roll-in on the Flash EPROM array 103, and a roll-out cut wdfc 

JSS^ '01 is carried out a premise fan exec^ncode 

lid d t being stored in the memory page on the above-mentioned DRAM pnmary • stc-nige 1 02 

.IS Slfcre is no page in which the execution code concerned was s*red on the DRAM 
Priman sioraee 102. a pase fault aenerates it by the memory access controller 104 
n WhcnMhis 1 pie "fault generating is carried out, by the memoiy access control cr 0*, 
Kxu Si c ode Access dafa of a memory page which the page fault generated ,s led trom 

he H«h VrOM array 1 03. and is stored in the aforementioned DRAM pnmary storage . 0.. 

n ra wi„ B of remapping operation of the outline composition of the memory access - 
co^nllleMW of drawin/2 andW memory of drawing 3 is used for the ne*t. and exp.anat.on 
of a roll-in and a roll-out of operation is performed to it. _ trft „,. r 1 M chanl «, 

m()4()l The address translation circuit 201 where the memory access controller 104 change, 

n.o rtl Physical address of the DRAM primary Storage 102 the X^LS^ 
processor. The conversion address Read/write eras.on of the page-addres, ^ a »^" on labk J) ~ 

» store the pa«e flag control circuit 203 -which performs state definition of a page, and . 
nt eml t MnKTO control, the DRAM access-control circuit 205 wtaeh performs the access 
S L DRAM primary storage 102, and aFlasb EPROM It consists on FtohtPROM 
"ceess-eontrol circuit 204 to perform and an erasion control circuit 206 which perlorm* block 

S uSS^^S^^SL address PA 0 may change into the page-addres, 
S , * 202 £ the page of the address DA 0 of the DRAM primary storage 102 and an 
x", on code and data are stored in the page 0 of DA of the DRAM pnmary; storage J02 
X! a processor 101 accesses the linear address PA 0, it will become a page h.t and w.,11 be 

^ST^VntpTcssor 101 performs page access of the linear address PA 1 and conversion 
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tl:.ia arc noi set as the page-address translation table 202, it becomes a page mistake and a pagc' 

IwS^nv"^^ ofthis page fault, page number FA2 of the Flash EP ROM array 103 

* hich conies out a roll-in is obtained from the virtual-address translation table *07. 

.00441 Next, the More of the data of the page 2 of FA of the Flash EPROM array 1 0, is earned 

out lo the paae 2 of DA of the DRAM primary storage 102, roll-in processing is performed, and 

Hie page entry concerned of the page-address translation table 202 is set up. 

10045? Usually, the above processing performs roll-in operation. 

.,046 m advance ofthis, the roll-out of the data of the page 2 of DA of the DRAM primary 
storage 102 "Inch carries out a roll-in is carried out as follows, and the data ol the page 2 ol 
DA of llic DRAM primary storage 102 are saved. 

100471 When the page 2 of DA is used as an execution code page at tins tune, unct > S lu ..cccw 
io a coding region is not generated, data rewriting of the page 2 of DA has not usually 

|0048rrheretore. roll-out operation is stopped [ not generating but only changing the pagi 
cnirv concerned of the.page -address translation table 202, and ] m fact . 
I0O491 By .his processing, access to the late Flash EPROM array 10, of light access l.m.ng 
docs not occur, but a page switch can be performed at high speed. 

Roli-ou processing of the P age which data change did not generate ,s not performed by 
iimMarly checking the dirty bit of the pagc-address translation table 202 also to the page wh,ch 

So?" IMorcover. when actually carrying out a roll-out, the page of the DRAM primary storage 
1 0? performs roll-out processing so that it may have at least one spare page. 
0oi Since light operation to the big Flash EPROM array 103 of the light access t.me and 
L asion time can be performed in parallel with roll-in processing by this, a page switch can be 

j£^?S roll-out processing to the Flash EPROM array 103 with rcf = 
h- block crasion counter value of the virtual-address translation table 207. the erosion cont,ol 
' 06 pc'orms block light evasion management of the Flash EPROM array 103 so that .he 

number of limes of erosion may become uniform. 

I00M1 althouch what is necessary is to change the page which carries out a roll-out and just to 
L-rrorm lioht operation of the light concerned at this time, when the size of an eras.on block of 
Hash EPROM array 103 and the page size of the DRAM primary storage 02 are the same 
- the nngc si/e of the Flash EPROM array 103 - of the page size of the DRAM 

miirJ-v ttonee 10-> -- in a certain case, the light copy of the remaining data ol the page ol the 
! « V*OM array 1 03 concerned and the ptge data concerned of the DRAM prima., storage 

1 02 carried out at another r- nn sMj . mi 

ionss| When the roll-in of the remaining data of the page of the Flash array 103 

concerned has already been carried out to the DRAM primary storage 1 02 at this Unit, the 
virtual-address translation table 207 is changed. 

ItflSo] That is. if the roll-out to the page 6 of FA of the Flash EPROM array l(b occurs when 
he roll-in of the page 6 of DA of the DRAM primary storage 102 is carried out a he 
banning than the page 5 of FA of the Flash EPROM array 103, the light copy ol the 
remaining execution code and remaining data which carried out the roll-in to DA6 rrnm du. 
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moc s of PA wilt be carried out at FA6. 

00571 Moreover, it erase* FAS which the light copy cfln bc ^ withoul 

00SX I Therebv. the virtual memory system by the Flash u kujvi > 
Ucing the evasion life of the Flash EPROM amy Kb. 

ORAM prima* .tor.* 102 ««cd » « *^^ 7 >vhich sh<ws dn<™ 5 .0 

-norv^ddrcss ubie 207 without usinfi the DRAM primary storage W~ 

M in c SSc tS^ut carrying out the roll-in of the page in which the exccut.ou code : s 
£ o e ^RAM primal Jorie 1 02, program execution becomes poss.ble and only tl c 
area page which rewriting of data cuts should cany out page reservation at the DRAM 

iSfS'-W ™noo< system can be built with the composition of DRAM ofsmal. 
.-uvicitv and an effect is in cost reduction. ir UcK 
^^Lmtc. when it is an accessible page and light 

l-PROM array 103 direct by the processor 101, it can use as file equipments, such as a RAM 

JSEkI When a part of Flash EPROM array 103 is made into a RAM disk, there is an advantage 
which can constitute a simply nonvolatile silicon disc 

IIS of the Invention] An execution code can be stored in a Flash EPROM with direct 
oslcme-ic^i onTpe also by DRAM of small capacity at a virtual memory system and the 
t^^S^taA^ enables it to offer the nonvolatile memory system »,.tabl. lor 

ioO^Mo^ the nonvolatile file equipment which used <!*F^ 

constituted easily, and construction of a nonvolatile system of u is attained ntinoui crun 0 e 

OS or an application program. 
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